ABSTRACT: A basic familiarity with musculoskeletal disorders is essential for all medical school graduates. The purpose of the current study was to test a group of recent medical school graduates on basic topics in musculoskeletal medicine in order to assess the adequacy of their preparation in this area.
per cent) (p = 0.005 and p = 0.001, respectively).
In summary, seventy (82 per cent) of eighty-five medical school graduates failed a valid musculoskeletal competency examination. We therefore believe that medical school preparation in musculoskeletal medicine is inadequate.
Second only to upper respiratory illness, musculoskeletal symptoms are the most common reason that patients seek medical attention 1216 , accounting for approximately 20 per cent of both primary-care and emergency-room visits 5 ' 68 " 15 . Musculoskeletal problems were reported as the reason for 525 (23 per cent) of 2285 visits by patients to a family physician", and musculoskeletal injuries accounted for 1539 (20 per cent) of 7840 visits to the emergency room 6 . The delivery of musculoskeletal care is spread across a spectrum of practitioners, including not only orthopaedic surgeons but also internists, family physicians, and pediatricians, among others. Moreover, under the so-called gatekeeper model that is prevalent in managed-care systems, physicians other than orthopaedic surgeons will provide an expanding share of this musculoskeletal care. Mastery of the basic issues in musculoskeletal medicine is therefore essential for all medical school graduates.
Despite the imperative for education, there may be a marked disparity between the frequency of musculoskeletal problems seen in medical practice and the adequacy of preparation in musculoskeletal medicine. In one study, 129 (51 per cent) of 255 family-practice physicians subjectively reported that their training in orthopaedics had been inadequate for their current practice". In another survey, pediatric residents identified orthopaedics as first among the areas in which they believed that their education had been inadequate 3 . Several studies also have identified deficiencies in the orthopaedic physical-examination skills of medical students and primary-care physicians 24 ' 7 ". Fowler and Regan found that only three (6 per cent) of forty-nine patients who had a chronic tear of the anterior cruciate ligament had been diagnosed properly by their primary-care physician. Ahern et al. reported that only seventeen (10 per cent) of 166 medical inpatients had had a musculoskeletal examination despite the fact that sixty-seven (40 per cent) had had a documented history of musculoskeletal symptoms on admission. These findings suggest that general practitioners may be inappropriately manag- 18. Name two differences between rheumatoid arthritis and osteoarthrosis.
19. Which malignancy may be present in bone yet typically is not detected with a bone scan?
20.

21.
What is the function of the normal anterior cruciate ligament at the knee? What is the difference between osteoporosis and osteomalacia?
22.
23.
In ing patients who have common orthopaedic problems. Medical school is usually the primary source of formal education with regard to the musculoskeletal system. For 147 (56 per cent) of 264 primary-care physicians who were surveyed, medical school was the only source of formal instruction on the musculoskeletal system 17 . We conjectured that medical school training in musculoskeletal medicine may nonetheless be inadequate. To test this hypothesis, we constructed and validated an examination that we believed evaluated basic competency in musculoskeletal medicine. The examination then was administered to eighty-five recent medical school graduates.
Materials and Methods
Design of the Basic-Competency Examination in Musculoskeletal Medicine
A sample of topics in musculoskeletal medicine with which all physicians should be familiar was selected by means of a review of both the orthopaedic and the primary-care literature 813 . These topics, which are encountered frequently in primary-care practice, include fractures and dislocations, low-back pain and sciatica, and arthritis. Other subjects that were represented on the examination included emergencies that require immediate referral to an orthopaedic surgeon 14 and basic anatomical knowledge that is necessary for physical diagnosis. Details on treatment and outcome were intentionally omitted from the examination.
These sample topics then were elaborated into twenty-five short-answer questions (Table I ). An openresponse format was selected to eliminate the possibility of the examinee scoring points on the basis of random guessing. The examination was reviewed for content and clarity by an internist and an orthopaedic surgeon who were not involved with the study. A formal answer key and scoring system were developed before administration of the examination. No time limit was enforced for completion of the examination.
Validation of the Examination
To validate our examination 10 , we attempted to send it for review to all 157 chairpersons of orthopaedic residency programs in the United States'. We sent copies of the questions, the answer key, and the mechanism for grading. A ten-centimeter visual-analog scale was included for each question. The chairpersons were asked to rate the importance of each question, ranging from not important to very important, with use of this scale. The visual-analog scale was converted to a 10-point importance score for each question, ranging from 0 (not important) to 10 (very important). After reviewing the examination, the orthopaedic chairpersons were asked to suggest a passing score (as a percentage) for all medical school graduates to demonstrate basic competency in musculoskeletal medicine on this examination.
As an additional test of validity, the examination was administered to all eight chief residents in orthopaedic surgery at our institution. This step was performed to ascertain the criterion validity; that is, to assess whether a high score would be attained given an appropriate knowledge of orthopaedics.
Administration of the Examination
The examination was administered to all eighty-five medical and surgical residents who were in their first postgraduate year at our institution; the examination was given on the first day of residency. Testing was performed with the cooperation of the residency directors, who allowed us to include the examination as part of the house-staff orientation program. A questionnaire was used to obtain demographic information, including each resident's medical school of origin and their participation in required or elective courses in orthopaedic surgery, neurology, rheumatology, and physiatry and rehabilitation medicine while in medical school. Verbal informed consent was obtained before administration of the examination.
The examination was scored anonymously according to the answer key, with a 1-point maximum for each of the twenty-five questions; partial credit was given for some questions (Table I) . This raw score then was multiplied by four in order to obtain a percentage score.
Weighted Scores
In order to examine the hypothesis that the overall score may inadequately reflect educational preparation because residents may perform better on the most important questions and worse on the least important ones, a weighted score was calculated. Each question was weighted from 0 to 10 according to its importance score as determined by the chairpersons. The score for each question then was multiplied by the weight of the question. The sum of these products (that is, the score on a given question multiplied by the weight of the question) yielded the raw weighted score. The raw score was converted to a percentage by dividing it by the sum of the weights assigned by the chairpersons (the highest possible score). The weighted score therefore emphasizes the more important questions.
Statistical Analysis
The mean scores on the examination were compared, according to selected characteristics of the residents, with use of a two-tailed Student t test. Comparisons of multiple means were performed with a one-way analysis of variance, and specific groups were compared with use of the Bonferroni multiple-comparisons adjustment. All proportions were compared with use of the chisquare test or the Fisher exact test (when indicated). All statistical analyses were performed with use of Intercooled Stata 5.0 software (Stata, College Station, Texas).
Results
Validity of the Examination
Responses to the survey: Three of the questionnaires that were sent to the 157 chairpersons were returned unopened because they had been sent to an incorrect address, and they were eliminated from the study. One hundred and twenty-four of the remaining 154 chairpersons completed and returned the questionnaire, for a response rate of 81 per cent.
Passing score and importance score: The mean passing score (and standard deviation) that was proposed by the 124 chairpersons to demonstrate basic competency in musculoskeletal medicine was 73.1 ± 6.8 per cent (range, 50 to 95 per cent). The mean importance score for all questions on the examination was 7.0 of 10 points (range, 4.6 to 9.1 points). Twenty-four (96 per cent) of the twenty-five questions were assigned an importance score of at least 5 points and were therefore considered to be at least important (Table I) .
Criterion validity: The eight chief residents in orthopaedic surgery attained a mean score of 98.5 ± 1.07 per cent (range, 97 to 100 per cent) on the examination.
Demographic Characteristics of the Residents
All eighty-five residents who were in their first postgraduate year at the Hospital of the University of Pennsylvania took the examination. There were sixty-one residents from the Department of Medicine, seventeen from the Department of Surgery, and seven categorical orthopaedic residents. The residents from the Department of Surgery included categorical residents in general surgery, urology, neurosurgery, and otorhinolaryngology. Thirty-seven medical schools were represented by the resident population that was studied. Thirteen medical schools had been attended by at least two students. These included the College of Physicians and Surgeons of Columbia University; Cornell University Medical College; Jefferson Medical College; Harvard Medical School; and the Schools of Medicine of Johns Hopkins University, New York University, Pennsylvania State University, University of Chicago, Uni- Of the eighty-five residents, forty-four (52 per cent) had taken a required clinical course in orthopaedic surgery in medical school for a mean duration of 1.3 weeks, twenty (24 per cent) had taken an elective course in orthopaedic surgery in medical school for a mean duration of 5.6 weeks, and twenty-eight (33 per cent) had taken neither a required nor an elective course in orthopaedic surgery in medical school. (Seven residents had taken both a required and an elective course in orthopaedic surgery.) In addition, eight residents had taken a rotation in rheumatology; forty-seven, in neurology; and five, in physiatry and rehabilitation medicine.
Examination Scores
Overall Scores
The mean score on the examination for all eightyfive residents was 59.6 ± 12 per cent (range, 35 to 86 per cent). Seventy residents (82 per cent) had a score of less than 73.1 per cent; thus, according to the criterion set by the orthopaedic chairpersons, they failed to demonstrate basic competency on the examination. The scores ranged from as high as 99 per cent for one question to as low as 18 per cent for another question (Table I) .
Scores According to Discipline
The mean score was 58.4 ±11.5 per cent (range, 35 to 81 per cent) for the residents in medicine, 58.1 ± 12.8 per cent (range, 37 to 86 per cent) for the surgical residents, and 74.1 ± 7 per cent (range, 64 to 86 per cent) for the orthopaedic residents (p = 0.004). The difference in the mean score for the orthopaedic residents compared with those for both the medical and the surgical residents was significant (p = 0.004 and p = 0.010, respectively). Fifty-three (87 per cent) of the sixty-one residents in medicine, fourteen of the seventeen residents in surgery, and three of the seven residents in orthopaedics failed the examination (p = 0.015).
Scores According to Whether a Required, an Elective, or No Course in Orthopaedic Surgery Had Been Taken
The mean score on the examination for the twentyeight residents who had taken neither a required nor an elective course in orthopaedic surgery in medical school was 55.9 per cent, that for the thirty-seven residents who had taken only a required rotation in medical school was 57.9 per cent, and that for the twenty residents who had taken an elective course in orthopaedic surgery in medical school was 68.4 per cent (p = 0.001). The mean score for the residents who had taken an elective course in orthopaedic surgery was significantly higher than that for the residents who had taken no such rotation (p = 0.001) and that for the residents who had taken only a required course in orthopaedic surgery (p = 0.005). With the numbers available, no significant difference was detected between the mean scores for the residents who had taken a required course in orthopaedic surgery and those who had not (p = 0.93).
Because all orthopaedic residents had taken at least one elective rotation in orthopaedic surgery, we analyzed the effect of an elective course in orthopaedic surgery with the seven orthopaedic residents excluded, in order to remove potential confounding effects. This analysis revealed that there was still a significant difference between the mean scores for the thirteen residents who had taken an elective course in orthopaedic surgery and the sixty-five residents who had not (65.3 compared with 56.9 per cent; p = 0.02). Twenty-six (93 per cent) of the twenty-eight residents who had not taken any rota-tion in orthopaedic surgery failed the examination compared with thirty (81 per cent) of the thirty-seven who had taken only a required rotation in orthopaedic surgery and with fourteen (70 per cent) of the twenty who had taken an elective rotation in orthopaedic surgery (p = 0.12).
Scores According to Whether Another Musculoskeletal Rotation Had Been Taken
The mean scores for the residents who had taken a rotation in rheumatology, physiatry and rehabilitation medicine, or neurology in medical school were not found to be significantly different, with the numbers available, from the scores for the residents who had not taken these courses (Table II) . We also found no significant effect of these rotations on the proportion of residents who failed the examination.
Weighted Score
As mentioned, in order to examine the hypothesis that the residents scored well on the most important questions and poorly on the least important questions, a weighted score was calculated. For example, question 2 was assigned nearly twice the weight of question 25 because its importance score was nearly twice that of question 25 (Table I ). The overall weighted score for all residents was 62 ± 12 per cent (range, 38 to 87 per cent). Sixty-nine (81 per cent) of the eighty-five residents failed the examination even when the questions were weighted according to their attributed importance.
Discussion
Given the high prevalence of orthopaedic problems that are encountered in clinical practice, the importance of basic competency in musculoskeletal medicine for all physicians cannot be disputed. Nevertheless, seventy (82 per cent) of eighty-five medical school graduates from thirty-seven different schools failed to demonstrate such competency on a validated examination of fundamental concepts.
The examination questions were validated with use of several criteria. One hundred and twenty-four chairpersons of orthopaedic surgery residency programs in the United States reviewed the questions and rated the importance of each question for all medical school graduates. Twenty-four of twenty-five questions were rated as important to highly important, and the mean recommended passing grade was 73.1 per cent. These data established the content validity of the examination. In addition, the eight orthopaedic chief residents achieved a mean score of 98.5 per cent, thereby establishing the criterion validity.
The current study clearly documents the inadequacy of medical school education with regard to musculoskeletal medicine. The duration of the residents' preparation in this area was inadequate. For the study population as a whole, the mean duration of instruction in orthopaedics was only 2.1 weeks. In addition, twenty-eight residents (33 per cent) had graduated from medical school with no rotation, required or elective, in orthopaedic surgery; these residents had the lowest mean score (55.9 per cent) on the examination and the highest rate of failure (93 per cent).
Devotion of more time in medical school to rotations in orthopaedic surgery was associated with a better performance on the examination. Residents who had taken an elective course in orthopaedic surgery in medical school (mean duration, 5.6 weeks) had a significantly higher mean score (p = 0.001) on the examination. However, those who had taken a required course in orthopaedic surgery in medical school were not found to have a significantly higher mean score than those who had not, perhaps because the standard required course was too brief for the essential information to be conveyed.
Because additional instructional time alone was insufficient to guarantee a passing score on the competency examination (the mean score for the residents who had taken an elective course in orthopaedic surgery was still lower than the chairpersons' recommended passing score), we believe that there is a problem with regard to course content as well. Perhaps the elective courses were too narrowly focused. In our experience, many elective rotations stress inpatient experiences in highly specialized areas of orthopaedic surgery rather than common outpatient problems.
Limitations of the Study
The present study had several limitations. One possible weakness was our choice to have orthopaedic chairpersons validate the examination. It could be argued that primary-care physicians rather than academic orthopaedic surgeons would have been the best group to have validated the examination. It is plausible that the chairpersons' determination of what is important may not reflect the true imperatives of primary-care practice. Nevertheless, orthopaedic chairpersons have a broad conception of musculoskeletal medicine, and having them validate the examination was certainly reasonable if not preferable.
Another potential defect was the examination itself, including the distribution of the topics, the openresponse format, the wording of the questions, and the accepted answers. Although the examination may be imperfect, these limitations do not nullify our conclusions. The chairpersons who validated the examination were given complete information, including our answer key and scoring system; presumably, the chairpersons accounted for flaws in the examination when determining the passing score and rating the questions. It is reasonable to believe that the appropriate passing score for a perfect competency examination would be nearly 100 per cent. If the material that is tested is truly necessary for competency, the competent examinee should be ex-pected to answer each question correctly. However, the passing score was set below 100 per cent to adjust for flaws in the examination. In other words, the passing score that was set by the chairpersons already accounted for problems with the examination. In addition, the use of a weighted score helps to rebut questions about the examination; even when the least important questions are discounted, sixty-nine residents (81 per cent) failed the examination.
A final limitation may be that our study population may not have been representative of typical medical school graduates. This bias actually may strengthen our conclusions, as the residents whom we tested had graduated from some of the country's best medical schools and had been accepted into highly selective training programs on the basis of academic excellence. However, it could be argued that this population included a disproportionate share of future specialists and researchers and that the schools that trained them were deficient in primary-care training. Thus, it may not be reasonable to generalize the findings of our study to students nationally. Nonetheless, it is disturbing that so many good students from good schools did so poorly on a basic-competency examination.
Although every medical school academic department can claim a need for more curricular time, the current study demonstrates that musculoskeletal medicine does require such additional attention. Our findings suggest the need for two educational reforms: an increase in instructional time and a revision of the content of the curriculum. One week of required orthopaedic training is probably insufficient, and many students did not even receive this minimum amount in medical school. Furthermore, the standard orthopaedic rotation should exclude the particulars of operative techniques. An ideal required rotation in musculoskeletal medicine would be at least two weeks in duration and would emphasize common outpatient orthopaedic problems, orthopaedic emergencies, and physical examination for musculoskeletal problems.
Orthopaedic surgeons are the custodians of musculoskeletal knowledge. However, they render only a small proportion of musculoskeletal care, and that amount will probably decrease under managed care. Thus, all students must be instructed in musculoskeletal medicine. Our findings suggest that current medical school training in musculoskeletal medicine is inadequate. Medical schools must reform their curricula by adding more contact hours with broader content, or residency programs must compensate by providing additional training in musculoskeletal medicine. These steps are necessary for optimum patient care.
